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5.0.0 ASSEMBLY EQUIPMENT 


Assembly equipment consists of those types of equipment used to sep- 
arate the completed wafer into its individual dice and to assemble each 
die into its own package. - 


The assembly equipment market comprises roughly 11% of the total 
equipment market for all semiconductor manufacturing. Exact percen- 
tages of the total segment and its subsegments will be found in the 
database sections of each of the following chapters. 


Historical sales and bookings for the total assembly equipment industry 
are shown in Figure 5.0.0-1. The assembly equipment market is seen 
to have reached an all-time peak in sales during 1984. Annual sales in 
1984 were $800M. In 1985, the assembly equipment market began ex- 
periencing the effects of the recession already deeply felt with wafer 
fab equipment, and orders began falling off. In 1986, this market 
dropped approximately 40% from its previous high of 1984. 
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ТАВІЕ 5.0.0-2 
ASSEMBLY EQUIPMENT VIC CODES 


VLSI Research uses a standard industry code that is self- 
consistent throughout all VLSI Research databases—both those 
provided in printed media and those on magnetic media. The 
code is called the VIC code for 'VLSI Research Industry 
Code'. А complete code listing can be obtained by ordering 
the document entitled 'Master Source Codes in use at VLSI 
Research'. Abbreviated copies are found throughout this 
document. The VIC code numbering system follows the sec- 
tion-by-seetion outline of "Тһе VLSI Manufacturing Outlook'. 
For assembly equipment it is as follows: 


500.00 ASSEMBLY EQUIPMENT 
530.00 Dicing Equipment 
533.00 Sawing Equipment 
534.00 Scribing Equipment 
535.00 Dicing Accessories 
535.30 Breaking Equipment 
535.40 Mounting Equipment 
535.50 Surface Grinding Equipment 
540.00 Bonding & Inspection Eqpt 
543.00 Die Bonding Eqpt 
544.00 Wire Bonding Eqpt 
544.30 Manual Wire Bonders 
544.40 Automatic Wire Bonders 
544.50 Gang Bonders 
545.00 Assembly Inspection Equipment 
545.30 Die Counting Systems 
545.40 Second Op Stations 
545.50 Third Op Stations 
550.00 Packaging Equipment 
553.00 Molding & Sealing Equipment 
553.30 Belt Furnaces 
553.40 Welders 
553.50 Presses 
553.60 Die & Die Molds 
553.70 Heaters and Ovens 
554.00 Finishing & Marking Eqpt 
554.30 Lead Trimmers and Benders 
554.40 Deflashers 
554.50 Solder Dip and Tin Plate 
554.60 Ink Markers 
554.70 Laser Markers 
555.00 Lead Scanning Equipment 


Source: VLSI RESEARC 
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5.1.0 ‚ CURRENT SEMICONDUCTOR ASSEMBLY MANUFA CTURING 


5.1.1 


CHARACTERISTICS 


In the 1980's, assembly equipment suppliers have been under ехсер- 
tional pressure by semiconductor manufacturers to increase throughput, 
to automate and to increase the flexibility of each system. This pres- 
sure comes about because assembly equipment is critical in the eco- 
nomics of the factory. By the time a wafer arrives at assembly, some 
80-90% of its value has already been invested. To lose a large number 
of wafers or dice at this point would be very costly. Fortunately, the 
yield in assembly has been about 92% in the past. But with the advent 
of automation new issues arose. User's in this timeframe often speak of 
a lights-out factory' or of a 'peopleless assembly'. The spiralling costs 
of assembly as well as unrest in third world nations such as the Philli- 
pines where much of the world's assembly is done, had manufacturers 
looking for more economical approaches to assembly. There was even 
talk of bringing assembly back 'onshore'. Тһе pressure to return as- 
sembly onshore is also a function of the increase in ASICS. Because 
ASICS are low volume devices, they require fast turnaround.  ASICS 
also place à premium on demand for new types of packaging equipment 
as the number of device types increase. 


Overall Development Of The Industry 


The assembly equipment industry grew out of the transistor packaging 


methods of the 1950's. Аз early as 1952, transistors were being made 


in standardized packages. At that time, systems began to be developed 
that were intended for commercial applications. 


Today, the assembly equipment market can be categorized by three 
major segments, along with some eight or more subsegments (see Table 
9.1.1-1). Assembly is the final process in semiconductor manufactur- 
ing. VLSI Research classifies it as being that manufacturing activity 
which begins with a finished wafer and ends with a labeled package. А 
flow chart of a typical assembly line is shown in Figure 5.1.1-2. This 
is the so-called back-end of the semiconductor manufacturing process. 


After wafers have been probed and inked, they are delivered to а 
dicing station. At the dicing station, each wafer is first attached to a 
carrier of mylar tape for holding the dice in place once they have been 
separated. This allows easy transfer to die attach, where dice are 
attached to a lead frame. Holding each die in place also speeds up 
pattern recognition during the die attach step. This carrier, along 
with the wafer, is then placed in a dicing saw which saws the wafer, 
but not the tape, and separates the dice, while maintaining them in 
place. 
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TABLE 5.1.1-1 


OVERALL ASSEMBLY EQUIPMENT SEGMENTS | 


Шгісімс | 


и Sawing 
W Scribing 


m Dicing Accessories 


Ш BONDING AND INSPECTION № 


= Die Bonding 
8 Wire Bonding 


в Assembly Inspection 


ll PACKAGING Il 


@ Mold and Seal 
ш Finish and Mark 


Source: VLSI RESEARCH INC. 
2252-65 
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After dicing has been completed, the dice аге delivered to а second 
optical inspection station (second op)t. Неге, they are checked for 
physieal damage from dicing. | 


Additionally, complex patterns оп the metal and passivation layers are 
also checked. The dice are next removed from the film, placed on a 
lead frame and bonded to the lead frame (or to a substrate). The bond 
between the lead frame and the die is next sample inspected to ensure 
that the bond is functionally correct. 


Wire bonding occurs following die bonding. Wire bonding serves to 
interconnect package leads to the wire bonding pads on the die. Wire 
bonds are inspected at third op. The lead frames, with their attached 
die and bonding wires, are then placed in a molding-press to form the 
package itself. Plastic is injected into the press. Upon removal, it is 
cured to form the plastic package. Curing and hardening is done in a 
cured to form the plastic package. Curing and hardening is done in a 
cure oven. After curing the leads are plated. Devices may be plated 
by either gold plating, tin dipping or solder dipping. Gold plating is 
seldom used anymore because of the price of gold. If the devices are 
to be solder dipped, they go directly to lead trim and form. They are 
then returned for solder dipping later. 


At lead trim and form, the excess lead material is removed and the 
leads are trimmed and formed as a finishing step. At this point, the 
package is virtually in its final state; the assembly process is inter- 
rupted to permit testing of the final package. Each part is qualified 
and separated according to its grade at test. After the devices have 
been sorted, assembly continues once again for the final step—that of 
marking each part according to its sorted category and its part num- 
ber. Devices are often stored unmarked and marked only when they 
are just about to ship. This allows semiconductor manufacturers more 
flexibility in sales. Thus the manufacturer can replace higher grade 
parts with a lower grade if there is insufficient inventory in low grade 
parts to fill the order. | 


The essential steps of semiconductor manufacturing are complete after 
marking. The packages are now ready to be packed in a protective 
carton and shipped to their final destination. 


+ Second op continues to be called 'second' even though first op has 
long been eliminated from assembly. Years ago, wafers were optically 
inspected prior to assembly. This step was known as "First Ор". 
However, there is little need for this now. Wafers are now given a 
cursory visual inspection at this stage. 
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‚ 5.1.2 Overall Technology Trends In Assembly 


The primary emphasis in assembly has been to reduce cost per pack- 
aged unit. New types of equipment have resulted in higher product- 
ivity, higher yields, lower labor usage, and lower floor space require- 
ments—all reducing the cost per unit. These events have resulted in 
significant technological trends. For example, pattern recognition has 
been one of the major trends affecting assembly equipment. It is now 
offered in dicing equipment, die attaching equipment, and wire bonding 
equipment. Pattern recognition is important because of its ability to 
improve throughput and to reduce the level of manual operation. 
Throughput is increased because of the reduced alignment time. Manual 
alignment performed by an operator usually requires over two seconds. 
Automatic alignment via pattern recognition can be done in less than 
half a second. Pattern recognition also offers yield improvements. 
This comes about because operator fatigue errors are reduced. With 
pattern recognition, several systems can be multiplexed together. This 
reduces the need to have an operator for every system and increases 
cost advantages. 5 


Aluminum thermocompression wire bonding is another important trend 
that is affecting the bonding segment. It offers a cost reduction by 
eliminating the use of gold wire for thermocompression bonding. 


Almost every type of assembly equipment is being affected by these 
trends to lower cost by improving throughput. One specific area that 
is being affected by this trend is molding and marking. Іп molding, 
developments in automated equipment molding compounds and mold 
design are offering higher productivity. Automated trim and form 
equipment with multiplunger designs, quick change tracks and long life 
tool and dies are shaping the world of high lead count DIP and QUAD 
packages. Tighter tolerances are being required of the completed 
package than had been ever before. Shrink versions of these same 
packages puts even more demand on the trim and form machines. In 
marking, ultraviolet curing inks and laser marking are improving both 
throughputs and costs. 


The technological trends in assembly equipment are determined by the 
total number and type of semiconductors shipped. Table 5.1.2-1 shows 
this in terms of units shipped. These are broken out by both lead 
count and by package type. 


Package demand by lead counts are a primary determinant of wire 
bonder demand. This is because the throughput of a wire bonder is 


VLSI RESEARCH INC. 


| 5.4.2 1 


512027АА1/1 


ОМІ НОНУЗЅЭН ISIA :Ә21п05 


04-26% 


*spouieu Surpuoq druo 411] pue ‘gyr ‘puoq әлім зерптэит x 


%%76 с"08с28Т 8°OLZ0LT 9'617091 £'£ScOST '"T'ECS6€T 5"980/1Т 2' 11866 $°79S70T IVLOL 
ee re n ee ыны 
%L9°SE 7° 77LG T°Stev £°7eLEe 9° 9847 С'9І8І 9°6 СТ 8'666 8'60cT x 800 
%04 ST 0'c9 ("17 *'6t 0'06 “а 8°LT 6 °5Т 9"9Т paeg Jews 
%8T° 6E c'SO€T 9'116 47029 8'197 9'ctc 6°67 8'Е8Т 0700< Аеллу ртлә utd 
%10" 05 6'9118 £'teeo £'008* L'EOEE 9'9TTZ ("666 5'807 c'tL€ 9105 
%T6° RL 6°SLOST 8"90Т2Т 076806 G°9ELS 9'8/ё6 6'0%6 0*16$ 5'871 108 
%90° CC 7° €98C МАҚТА АТА €°989T L°Ocet 8°9S0T 0°6 TOT т'астт 00 әІшеләр 
%Е7'Ес` 9'tt*S 1 "96177 0*08/€ S*'c€oc LETALA 7'9681 8' 6951 Т" 59901 00 212352714 
%87 Eh с'66985 7° ТЕ906 Т7760%0 WLELIT %“0ТЕТТ T° T6€9 8 "585% Е'Т9Т9 зипоу 9эеў4п5 
(%с0*6) 6° 7S7T T'8*tT 9°8SST 06861 [ВИ КУ ГА T'ETOZ С“0681 ("8216 ата оТшРЛӘО 
(%66'5) 7° 0171 6' 2091 09<8Т 9'2502% 9'750% O°ST6T 0'6961 $*99TC атачно 
9: £9* TT OHTE $ "69065 0'5499% "МАТА 1745610 478Т/8Т 4"0Т09Т 106241 Ата 2135ғ14 
%8%%90 170086 270506 5'177% 8'£S6T Аа" 9° {ТТ €°8Z8 Т*8ЕОТ 897817 % 415 
%178 * $ 0'6/18901 6790%%70Т S°TILEOT 1'000901 074<6001 6°€2898 T°€OTSL 8'6LLLL OL 
әаќі ебецэва Ag 
%LE°6 £'08€C81 8°OLZ0LT 9°6T709T €°€SZOSTt T't£cS6€T 57980711 2741866 5”%795%0Т TVIOL 


5.1.2 2 


%L9° BL 5796 8702 ӨТТІ 979 ГЕ 072 rar Te реэт 962 < 
%L6°OS 8°€68 6969 "TOS E TS 6°80Z от 9°78 1799 реэт 965-16 
*$60* ТЕ 279992 60812 6°E8LT 9'88ЕТ г' 0901 8'689 8'297 87246 реэт 96-<9 
%66 ' 26 1:80<% 070002 т'Е9сТ S*€9TT 27888 87919 т'689 2068 peel %9-Т% 
%16712 176964 7° 9159 0*5%55 <'562% 7'897Е 07<<82 91995 6'1917 peel 07-57% 
$£9*9 179696 1770076 176926 9"%0ТЕ 277680 £'£Goz ТАА €*Z16Z pee] 4Z-LT 
%LE*LT 9° EL8ZE $*49SLZ E'TT6EZ Z'ETLOZ 6'S88/1 2709447 "44611 6706991 реәт 9Т-ТІ 
%06'8 £*0061 T'LSLI г'0991 6*165Т Т*96ЕТ 6"0%1 1'668 O° LOTT peel OI-L 
%L9*LT 9°8%9% 9"200%. L°SS%E 88662 6'167% 170902 9° TI9T 6" 6561 pee] 9-6 
%1%79 87259521  Y'T6ZZZE 58606171 0062 77 175680601 27%6076 5*1656/ 6:8986/ рез %-( 
зипод pee Ag 
НӘУО 1661 0661 6861 8861 4861 9861 5861 2861 


(вип jo зиониш и!) 
амуйза зоумоуа заємазчом 


г с'Гб S'IH VIL 


512027АА2 


directly related to the number of wires which it must bond. This is 
dictated by the following formula. 


3600- Р 


LI = Devices bonded per hour 
Ту • Та + Т; + Тр ТЕ 


УЪеге: 


Га = Lead count (in units) 
Ty= Wire bond time (in sec.) 
T; = Handling time (in sec.) 


- 
~ 
| 


First pad recognition time (іп sec.) 


"v 
И 


Plant up time & productivity ratio 


Consequently, as lead counts rise, bonder demand goes up substantial- 
ly. For example, consider an assembly line that starts 500 thousand 
packages per week. For purposes at hand, assume an automatic wire 
bonder is used which is rated at 250 milliseconds per wire. Handling 
time is 0.7 seconds and pattern recognition time is one second. P is 
equal to 0.53. Total hours worked per week is 120 hours. The mini- 
mum number of bonders that will be needed for this line is shown 
below. 


Lead Count Thruput Bonders Needed 

(uph) (units) (ФК) 
3 778 6 480 
5 634 T 560 
14 367 12 960 
16 334 13 1040 
40 163 © 26 2080 
64 108 39 3120 


The investment needed goes пр substantially as lead counts rise. 
There is over an order of magnitude difference between a line assembl- 
ing three lead devices and one assembling 64 lead devices. 


Even though much fewer IC's are shipped than discretes, IC's account 
for most of the bonder demand. Discrete devices are usually 2 or 3 
lead devices. Of the 332 billion wires bonded in 1982,. discrete devices 
accounted for only 44%. 11-16 lead devices alone (typically SSI/MSI 
devices) accounted for 26% of the wires bonded.: 17-40 lead devices 
accounted for 23%. 


Additionally, IC's are the most rapidly growing segment. Also, higher 


lead count devices tend to grow the most rapidly. Most microprocessors 
and gate arrays have pin counts above forty pins. Most memory 
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devices have 16 ог 18 leads. These are among the most rapidly 
growing semiconductor markets. 


Five lead to ten lead devices have also grown relatively well in the 
mid-eighties. This is due to the growth in -the linear market. Most 
linear devices are five to ten leads. The linear market is growing for 
two primary reasons. First, the market for digital signal processing 
(DSP) devices is relatively new and fast paced. DSP devices are a 
combination of digital and linear devices on one chip. They use math- 
ematical techniques such as fast fourier transforms to analyze analog 
signals and transform them into digital signals or vice versa. Typical 
DSP devices are analog filters, codecs, spectrum analyzers, modems, 
speech synthesis and recognition and image processors. These devices 
are having profound effects on the world. These devices are teaching 
our children to spell and read. They give robots the ability to see and 
hear. 


Codecs permeate modern phone systems. Digital signal processing 
demands have become a major part of the phone system. It is more 
efficient to pulse-code-modulate speech signals and transmit them as 
digital codes through digital circuits rather than vice versa. 


Another technological trend for linear devices is the need to reduce 
energy requirements. Solid state controls are much more efficient than 
are other methods. 


The 1980's boom in the video market was another area that drove the 
linear semiconductor market. Almost 60% of the devices that went into a 
video tape recorders were linear. Linear devices comprised 75% of а 
video camera's IC's. The average for all video products is around 70%. 


Devices of fewer than four lead counts are among the slowest growing 
semiconductor markets. These are typically discrete devices. Devices 
with eleven to fourteen leads are also growing at a fairly slow pace. 
These are typically TTL SSI/MSI devices. The TTL SSI/MSI market 
has been losing ground to microprocessors and gate arrays for several 
years. 


The trend for devices by new package type is also important in deter- 
mining assembly equipment demand. Іп particular, the packaging 
segment of assembly is dependent on the type of packages produced. 
Additionally, bonder configurations are dependent on the type of pack- 
ages assembled. TO headers represent mostly discrete and op amp 
devices. Plastic dips are the most common types assembled since they 
are also the most economical. Multi-layer CERDIP's are the next in 
volume produced. These packages are economical and are military 
approved. They approach plastic in cost: CERDIP's are commonly 
used for TTL devices. Ceramic packages are the most expensive pack- 
ages. They are used for high lead count devices such аз 
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microprocessors and for military applications. They аге also used for 
newly developed devices which are yield sensitive and which have a 
relatively high price. 


Chip carriers continue to replace ceramic DIP packages for high lead 
count applications. Chip carriers offer several advantages over DIP's. 
Chip carriers have lower lead resistance, lower capacitance, higher pin 
counts and lower operating cost. Lead forming is less of a problem 
with chip carriers since leads can be made larger. This is because all 
four sides of the package are used. Chip carriers are also smaller than 
dips. 


One important factor driving technology is line capacity. It determines 
how the line will be balanced and thus how investments in assembly 
equipment will be distributed. In the early to mid-eighties, most 
semiconductor assembly lines in use were designed to average 500 
thousand die starts per week. The largest lines were capable of pro- 
ducing 25 million parts weekly. But, even these lines were usually 
broken up into 500K capacity modules. So 500K die starts per week 
was a good average. 


Unlike the wafer process line standard of one cassette per hour, as- 
sembly line capacity is not determined by magazine capacity. An as- 
sembly line will typically start eight magazines per hour. One magazine 
per hour is not enough capacity to justify an assembly line. This 
would only be 70K die per week or about 600 die per hour. Most 
packaging equipment has throughput in excess of this amount. Thus, 
the line would be unbalanced and capacity would be wasted. 


Managerial reasons are most often stated as being the primary deter- 
minant of an assembly line's capacity. A typical line manager can 
handle up to 25 employees. An automatic line built to employ 25 people 
per shift will have a capacity of 500K die per week if three shifts are 
used. Additionally, 500K die per week is around the minimum capacity 
of high capacity packaging equipment. 


The amount of equipment that will be needed in assembly to satisfy this 
weekly rate is shown in Table 5.1.2-2. The data in the table first 
identifies the equipment and its area of usage. It then delineates the 
average selling price of the equipment, its throughput, and the number 
of systems needed for an assembly line of 500K die starts per week. 
Throughputs are given as an assembly line manager would track them. 
That is, by taking the actual weekly throughput of a plant and dividing 
by the hours worked times the amount of equipment installed. This is 
a pessimistic way of measuring throughput. It includes everything that 
could possibly slow down equipment, including breaktime and downtime. 
For instance, a typical automatic wire bonder may have a rated capacity 
of 700 units per hour. However, in practice it will only achieve half 


VLSI RESEARCH INC. 


| 5.1.2 5 


512027АА4/1 


86-5522 
ОМІ НЭЧУЗ5ЗН ISIA :e»)nos 


сэ a 


te 


FMOAMANRDAOMNANMIOMNMN DOM à i0 CO i0 em e e г- MAAN 
bafi . 


мача MOOS 


Jod рэрээм 


5шэ1545 


0022 


0071 
009 

0059 
0009 
0009 


088 
008% 
008 
er 
отт 
000€ 
0091 
S48 
066 
001 
00ST 
006 
022 


0071 
0011 


(Нап) 
4 зпапіці 


се 
9 
І 
07 
01 
0v 
er 
06 
4. 
02 
09 
062 
УТ 
£e 
8 
001 
98 
06 
09 
01 
48 
09 
8 
01 
01 
06 
07 


(43$) гола 
би әс 
обелалу 


Suiseyoeg 
Витрчод 
Surpuog 

SutSexoeq 

SurSexoeq 

дитдемова 

surseyoeg 
surseyoeg 

Surdexoeq 

Suridexoeq 

SutSexoeq 

SutSexoeq 

чотодда5 и] 

чопцээаз5чціІ 

uorjoedsu] 
Surpuog 
sutpuog 
Surpuog 
Sutrpuoq 
Sutpuog 
gutpuog 
Витриоя 
Surpuog 
Зирта 
Зита 
Вара 
Surotq 


pes) 
олечм 


“OUTJUMOP 9 эшцуеэла sepn[our 'seotAeq реәт 91 9? $T 4 


шаод 8 WHJ peon 
добеолаоц 

ломеојо отиозелу 
ZIATEN AN 

ломлеу јеиоциәлиоо 
Surqse[jeq 

U9A(Q элпо 

ээецапа 3199 

дэзвэн этязоэ1эта 

әта Surp[ow 

ввәлд Surp[oyw enuey 
ввәлд Suip[oW oneuojny 
uotyedsuy do рат, 
uono»edsug do рчозос 
одоз5олоту 

лорџод резэ[лэзпо 
ләриоя резјлоциј 

puog әлім опешојпу рәәйс чац 
puog әлім эцешозпу 
puog әлім enuey 

рчод эт опешојпу peedg ЧЗІН 
риоя эта эцешозпу 
рчоя эта [enuey 

леәс) Surjunoy лојем 
лэааплос 

мес эцешозпу 

мес BUNIA 


шә} 


Алаиз55у М aasn inawainoa TWdIONIYd 


6-6 UG 3'I8 VIL 


5.1.2 6 


512027АА5 


that гаје. Thus, the assembly line must have additional equipment to 
produce at the needed level of capacity. 


A scan down the final column shows how some equipment is heavily used 
while others are lightly used. The bonding area of an assembly line is 
undoubtedly the most equipment intensive area. It is for this reason 
that bonding is the largest market segment of assembly. Consequently, 
pressure is being brought on wire bonder manufacturers to increase 
uptime and throughput. 


Table 5.1.2-3 shows this more clearly. It gives the investment in 
assembly equipment that is needed by area of equipment usage for 
differing types of equipment technology. These technologies are for 
manual equipment, automatic equipment, high speed automatic equip- 
ment, and gang bonding with automatic dicing and packaging equip- 
ment. High speed automatic equipment is a new generation of automatic 
equipment. Typical examples of such equipment is AMI 5400 die bonder 
and Kulicke & Soffa's 1482 wire bonder. 


Bonding equipment accounts for 54% of the investment required for an 
automatic assembly line. It accounts for 41% of the investment needed 
for a manual assembly line. When gang bonding is used, bonding only 
accounts for 31% of the total investment. However, there is a sub- 
stantial amount of miscellaneous equipment that is needed if gang bond- 
ing is chosen. It entails extra wafer processing equipment needed for 
bumping wafers. This is shown at the bottom of Table 5.1.2-3. The 
cost of this extra equipment should be burdened to bonding since it 
would not be needed otherwise. When this is done, gang bonding 
accounts for 51% of an assembly line investment. 


Another important point concerning the gang bonded line is capital 
investment. The total capital investment required is not that much 
lower than an automatic line. The higher throughputs of gang bonding 
do not translate into a substantial savings. Investment is only reduced 
by $39K or $0.15 per week if equipment is amortized over 3 years. 


Automation of the assembly line continues to be the key issue affecting 
suppliers to this market. This is because the fully-automated assembly 
line of the future is just around the corner. The trend to automate 
assembly equipment has been consistently accepted by semiconductor 
manufacturers. This does not mean that machines will be bolted to- 
gether and run one continuous process. It does mean that each as- 
sembly process step will be increasingly mechanized and computer 
controlled to execute all aspects of the process within the tool without 
human setup and intervention. They claim that such equipment needs 
less than a five percent unit cost advantage to justify automatic equip- 
ment lines. Moreover, they claim that they will pay up to two times 
current prices to get such equipment. The result of this is that many 
plants around the world are already using automatic die and wire 
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TABLE 5.1.2-3 


TYPICAL ASSEMBLY LINE INVESTMENT REQUIREMENTS 
(Balanced for 500K Die per Week) 


Quantity Required Total Investment (SK) 


Std. High Spd. Std. High Spd. 
Auto Auto. Auto. Auto. 


Equipment Type 


Gang 


Manual Gang | Manual 


DICING 6 6 3 6 180 180 270 180 
Saw 4 4 - 4 160 160 - 160 
Automatic Saw - - 3 - 270 
Scrubber 1 1 - 1 10 10 - 10 
Wafer Mounting 1 1 - 1 10 10 - 10 

BONDING 104 35 23 20 946 1615 1120 870 
Manual Die Bond 19 - - - 152 - - - 
Automatic Die Bond - 8 = - Е 480 - - 
High Speed Die Bond - - 3 = = - 255 - 
Manual Wire Bond 42 - - - 420 - - - 
Automatic Wire Bond - 12 - = - 720 - - 
High Speed Wire Bond = = 5 - Е - 450 - 
Inner Lead Bond - - 3 - - - 255 
Outer Lead Bond - - - 2 - - - 200 
Містозсоре 38 Е = Е 304 - - - 
Second Op Inspection - 10 10 10 Е 345 345 345 
Third Ор Inspection 5 5 5 5 70 70 70 70 

PACKAGING 34 20 16 20 1194 1190 1298 1190 
Manual Molding Press 5 - - Е 250 Е - - 
Automatic Molding Press = 1 1 1 x: 250 450 250 
Molding Die 10 10 10 10 700 700 700 700 
Dielectric Heater 5 - - - 35 - - - 
Belt Furnace 1 1 - 1 30 30 - 30 
Сике Оуеп 1 1 - 1 12 12 - 12 
Deflashing 1 - - Е 40 Е - - 
Conventional Marker 7 - - = 70 = = Е 
UV Marker - 3 3 3 - 141 141 141 
Ultrasonic Cleaner 1 1 1 1 1 1 1 1 
Degreaser 1 1 1 1 6 6 6 6 
Lead Bend & Trim 2 2 - 2 50 50 - 50 

MISC GANG BONDING EQPT 0 0 0 6 0 0 0 569 
Bump Plater - = Е 2 - 240 
Proximity Aligner n - = 1 - - 165 
Resist Processing - - - 1 - - Е 119 
Scrubber - - - 1 - - - 20 
Etch Station - - - 1 - - - 25 

TOTAL 144 61 42 52 2320 2985 2688 2809 


Source: VLSI RESEARCH INC 
251-18 
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bonding equipment which eliminates most operator intervention. Fully 
automated encapsulation (molding) systems and trim and form systems 
have reached the market. Major U.S. companies are installing this 
equipment at their primary onshore locations as rapidly as possible. 
Workers are only needed to carry magazines from machine to machine 
with this equipment. 


Automation of the assembly line is occurring because it is an important 
way to reduce costs on high volume, low margin devices, as shown in 
Section 5.1.3. Оп these parts, die manufacturing costs are usually 
only twenty to thirty percent of total costs. However, assembly usually 
accounts for sixty to seventy percent of the total costs. Additionally, 
high volume, low margin devices account for over 80% of all devices 
assembled. Consequently, automation of assembly promises substantial 
increases in profits for semiconductor manufacturers. 


How automation will occur in assembly will be dependent on its defini- 
tion as applied by semiconductor manufacturers. The semiconductor 
industry does not equate automation with automated mechanisms for die 
transport. That is only one aspect of many. Instead, the semicon- 
ductor industry is virtually unanimous on the following definitive points 
concerning automation: 


е Automation means more intelligent computer controlled 
machines capable of better operating their own activi- 
ties. 


e Automation means more than automatic feeding of the 
machine. 


е Піе transport is still more efficient when done by 
people rather than when done by machines. 


These opinions are consistently echoed throughout the world. The 
reasons underlying these opinions are related to the prices and 
throughputs and reliability of equipment. Throughputs vary signifi- 
cantly among the various types of assembly equipment. The line must 
be balanced so that the equipment is fully utilized. The equipment is 
expensive, so an in-line system of one piece of equipment after another 
would not be cost effective. The reliability of the equipment becomes a 
critical point because the reliability of the integrated system is the 
product of the reliability of the individual parts. 


This balance will be highly dependent on various production para- 
meters. Examine Table 5.1.2-4. It lists typical assembly line para- 
meters that have been obtained and those that were believed to be 
evolving in the early to mid-eighties by end-users. Ав mentioned 
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previously, a typical line іп 1985 assembled 500K die per week. It 
handled an average of fifty products. Most of these can be assembled 
on common lead frames—about ten products for each lead frame. 
However, each product will usually require its own die collet for die 
attaching. Only one type of wire is typically used on an assembly line. 
This eliminates production control problems associated with changing 
wire. Lot sizes were usually about ten thousand die. Four lots are 
usually processed at a time. 


Larger lines are usually scaled up accordingly. For example, many 
companies already build lines with a capacity of 2000K die per week. 
Such a line will process 200 products types per week and it will use 4 
wire types. There are some notable differences. Such a line will 
continue to use the same lot sizes. Total lead frames used only in- 
creases to 14 on average. 


In the future, changes in these parameters will favor automation even 
more. The industry expects that further advances in automation will 
allow productivity to increase by four times during this time frame. 
Thus, twenty-five workers who can now produce 500 thousand parts 
per week will be able to produce over two million parts per week in 
1988. Additionally, the number of product types produced on each line 
will increase in this time frame. Аз semiconductor companies grow 
larger they will lose economies of scale by the non-dedication of lines to 
more products. This will require equipment to become more flexible. 


How it will create flexibility will be highly dependent on existing auto- 
mated plant configurations. There are several existing automated 
facilities from which inferences about future lines can be drawn. Some 
of these are at National Semiconductor, TI, Hitachi, Fairchild, NEC and 
Toshiba. The National Semiconductor, NEC, Fairchild and TI facilities 
emphasize intelligent equipment. These are typical of what can be done 
with equipment available today. But they use people to carry maga- 
zines. They are all dominantly magazine-magazine oriented. These 
companies are not investing heavily in die transport mechanisms. 
However, they do feel that increasing reliability in equipment will 
enable serial in-line automation ultimately. 


Hitachi's and Toshiba's assembly lines are, for the most part, in-line. 
The in-line portion starts at die bonding and finishes with completed 
packages. The only steps left are testing, during marking and solder 
dipping (if needed). The actual flow of die is very similar to that of a 
conventional automated line. Wafers are conventionally diced on film 
carriers. A second optical inspection is then performed. Information 
concerning good die is added to a map stored оп а, floppy disk. This 
disk will already have a map of electrically good die. These are map- 
ped at wafer probe by the tester. The floppy disk and the cassette of 
diced wafers are then transferred to the die bonder. The die bonder 
reads the map and directs the bonding head directly to good die for 
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bonding. Lead frames are then directly transferred to a wire bonder. 
A fully automatic third op is completed after wire bonding. Then, lead 
frames are automatically transferred to a fully-automatic molding system. 
Packages are completely deflashed and deburred. Leads are trimmed 
and formed. Assembly is finished at that point. 


This, combined with concepts from other companies generates a fairly 
clear picture of the assembly line of the future, as depicted in Figure 
5.1.2-5. 


ГЕ із important to note that there are five distinct islands of automation 
in such a line. These are dicing, die bonding, wire bonding, molding 
and trim and form. Second optical inspection, and lead finishing will 
continue to remain separate from the line. Few semiconductor manufac- 
turers feel that second optical inspection will be incorporated into 
automated lines. The reasons most commonly given are that second 
optical inspection throughputs vary significantly depending on the type 
and grade of product assembled. An in-line system cannot be balanced 
unless the line is dedicated to a few product types. Consequently, it 
is better to keep second op separate. 


There is a significant issue concerning the viability of automatic in- 
spection methods. In some cases automatic inspection is already being 
used. This is most common for high volume and low technology devices 
such as SSI/MSI parts. However, the inspection is usually limited to a 
cursory check for an ink dot and four corners on the die. VLSI 
devices are still too complex for automatic inspection. Consequently, a 
variety of equipment will continue to be used in this area. 


The issues which cause finishing to be kept separate are related to the 
semiconductor market itself. Semiconductor users have need for both 
tin plated devices and solder dipped devices. Consequently, most 
assembly lines must have accommodations for both. Tin plating requires 
that devices be still in lead frame form. Solder dipping requires that 
devices have leads already trimmed and formed before dipping. Conse- 
quently, most automated lines will end after deflash and deburr. 
Several die bonders and wire bonders will be required in order to keep 
up with molding and dicing operations. There is a buffer storage 
added between die bond and wire bond. This allows the bonder island 
to prepare for incoming devices. Encrypted lead frames enter the plant 
at die bond. Codes on lead frames and mylar carriers identify the lead 
frame type and the device type. The bonders can then be automatically 
set up using programs that it has stored previously from a CAD sys- 
tem. 


An almost universal opinion exists that rework will be eliminated in 
future wire bonding operations. Third optical inspection will evolve as 
a self-testing mechanism for wire bonders. Consequently, it can be 
expected that third op will become a part of the wire bonding system, 
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much like the die bonder self-test systems. These systems аге де- 
signed so that the bonder will stop-on-fail without any operator atten- 
tion. The machine will then self diagnose itself and alert the pro- 
duction control host that it is down. 


Note that an ever-present maintenance person is shown at the wire 
bonder. Semiconductor manufacturers feel that bonder maintenance is a 
serious limitation to automation. Consequently, future lines will be 
designed such that production will not be halted if any one system is 
down. Material will pass by equipment via the portways shown in 
Figure 5.1.2-5. Material will move off the portway to operating equip- 
ment. It will move back to the portway once it has been processed. If 
a tool is down, material will bypass it and move to one which is run- 
ning. Such lines are commonly referred to as serial in-line. 


Devices are then automatically transferred to a molding station. After 
finishing, an indexer will be needed for devices which need to be 
solder dipped. These can then be transferred back for trimming and 
forming leads. 


Another technological trend is toward information management. A 
substantial amount of information will need to be passed through this 
system. This information concerns where the dice are in the line, and 
what their identification is. This information will be tracked via lead 
frame coded labels. It will include data concerning the device type so 
that equipment can be automatically set up. Additionally, data which 
ties the lead frame to the original wafer and lot will also be kept for 
later analysis. Many applications require absolute traceability, e.g. 
military, medical, and any high reliability application areas. 


An archival host processor must be available to interface to each piece 
of equipment. One of the most important tasks of the archival host 
computer will be to schedule and route jobs. For example, an assembly 
line capable of one million die per week will have about 12 million die 
being assembled at any one time. Jobs will need to be scheduled and 
routed to minimize inventory costs of the finished parts. 


Recipe management and execution is a task which will continue to stay 
with the equipment. The purpose of recipe management is to ensure 
that each magazine of dice receives each process step correctly. Most 
automatic equipment already has this capability. Most users want it to 
stay that way. They demand that assembly equipment be able to func- 
tion independently of a host processor. 


Not withstanding that requirement, cell or host processors will keep 
track of the recipes loaded into each automatic machine and have the 
ability to down load new one's when the need arises. This keeps the 
line running with minimum human intervention. The independent 
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execution allows the line to keep running when the cell or host is not 
immediately available. Users want this type of operation. 


Cleanliness will also be an issue in future assembly lines. In 1985, air 
cleanliness was typically class 8000. It was class 5000 in bonding. 
Some companies operate in a class 100 environment already. By 1988, 
air cleanliness is expected to reach class 3000 for the industry as a 
whole. Moreover, 57% of those interviewed foresaw a distinct need for 
environmentally enclosed equipment. 


Technological trends toward automation are brought by the pressure to 
do assembly onshore. Currently, assembly operations are predominantly 
based offshore, principally in the Far East. Historically, cheap labor 
costs have been the driving force of such offshore assembly operations. 
However, as inventory and transportation costs began to rise, the 
savings of offshore assembly declined. Labor for non-automated as- 
sembly in very large plants only requires 10% of total costs. This 
caused importance of labor as a determining factor in assembly plant 
location to diminish. With the overriding issue of labor costs removed, 
other non-quantitative reasons for on-shore assembly gained more 
visibility. 


There are security and political instability issues which tend to favor 
onshore assembly. Foreign governments may be here today and gone 
tomorrow. Furthermore, weather is not a major problem for most on- 
shore sites. There can be quicker turnaround times for onshore 
plants. This allows better customer service. Inventory costs are lower 
for onshore plants since there is less work in process. Freight costs 
also present an important tradeoff. When high lead count ceramic 
packages are required it is no longer economical to assemble offshore. 
Additionally, wage premiums do not have to be paid to U.S. managers 
and technical personnel when onshore assembly is used. 


Fully automated assembly plants can be shown to offset the labor ad- 
vantages obtained in the East. This is shown in Table 5.1.2-6. The 
costs are still 75% higher when operating manual equipment on-shore in 
the mid-eighties. However, this disadvantage drops to 9% for operating 
automatic equipment on-shore. This drop is mostly attributed to 
reductions of labor cost. For in-line equipment, it costs 1% less when 
assembling on-shore as compared to offshore assembly. This may seem 
small but its benefits are actually much larger since inventory costs 
were not included in this analysis. A minimum of four days additional 
inventory is needed for off-shore assembly. This adds a minimum of a 
penny per package. 


In addition to making on-shore assembly more cost effective, automation 
is the driving force behind equipment changes. This is because of 
automations cost advantage in the mid-eighties is shown in Table 
5.1.2-7. This table examines cost over the operating lifetime of an 
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assembly line. The initial start-up cost for automatic equipment is 
higher than that for manual equipment. However, on-going operating 
costs are lower for automatic equipment. It takes only 6.3 months for 
automatic equipment to pay for itself. In a year, automatic equipment 
is already approximately 6% more cost efficient.. The advantage of using 
automatic equipment increases to almost 15%, or about $2M over a 3 year 
period. This cost savings will almost buy the equipment for another 
automated line. These factors will have a tremendous impact on the 
market share of automated equipment. 
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5.1.3 Factory Economic Models 


The level of equipment automation purchased is dependent upon factors 
such as number of devices produced and complexity of devices. Table 
5.1.3-1 shows the investment difference between a manual line and an 
automatic line to be $665K. This represents a savings of only $4.26 
per week. However, the additional labor and floorspace required for 
the manual bonding line far outweigh the equipment savings. This is 
due to the additional 78 pieces of equipment required for the manual 
line. Additional labor costs alone add up to over $10 thousand per 
week. This cost is for an off-shore facility. In the U.S., labor 
accounts for $60 thousand per week more. Table 5.1.3-1 breaks out 
the costs of assembling a 16 lead plastic package for each type of 
assembly line technology. High speed automatic assembly is seen to be 
the most economical method. It offers a 10% cost advantage over gang 
bonding and standard automatic methods. This advantage is gained by 
lower labor and floorspace requirements. Over $300 thousand can be 
saved per year by using high speed automatic assembly equipment. It 
is also clear that automatic equipment is more economical than is manual 
equipment. 
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5.1.4 Competitive Environment т 
АззетЫу Едиіртепі 


More than 100 companies participate іп the 
assembly equipment market. Collectively, 
their sales reached $824 in 1988, and are 
expected to surpass $1.7B in 1993. 


A list of all major competitors is given in 
Section 5.1.9. The list is segregated by 
market served, and is kept current. 


Shinkawa is once again ranked number one 
. in the total assembly market, having recent- 
ly displaced Kulicke & Soffa. 


Shinkawa held the number two spot in 1986, 
while Disco held the number three posi- 
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tion. Both competitors have gained market 
share from Kulicke & Soffa. 


Other major competitors are ASM, General 
Signal, Towa, Kras and Yamada. 


Fairly turbulent demographic trends have 
occurred as a result of the international 
competition for the assembly equipment 
market. These demographic trends have 
been characterized by rapidly shifting shares 
in the international marketplace. Tab- 
le 5.1.4-1 shows market share for 1984 and 
1986. North American assembly manufac- 
turers held 42.5% of the worldwide market 
share, while Asian manufacturers held 
46.3% and European manufacturers held 
11.2% in 1986. 


TABLE 5.1.4-1 


DEMOGRAPHIC DISTRIBUTION OF ASSEMBLY EQUIPMENT SALES 
(by percent of seller’s shipments, worldwide) 


Equipment Type North America Asia Europe 
1984 1986 1984 1986 1984 1986 
Dicing Equipment 33.8 19.4 61.1 76.3 5.1 43 
Bonding & Inspection 45.5 44.4 35.7 40.7 18.8 14.9 
Packaging 51.5 45.8 40.5 45.1 8.0 9.1 
ТОТАІ, 47.3 42.5 39.7 463 13.0. 112 
© 1989 VLSI RESEARCH INC 
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These trends have been driven by technical 
innovation. The Japanese emerged strongly 
in the mid-seventies and captured a large 
portion of the market share. This trend was 
spearheaded by Shinkawa and its automatic 


wire bonder. In 1977, the Japanese had 
reached a par with American manufactur- 
ers. Only two percent of the market share 
separated American manufacturers from 
Japanese manufacturers. 
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But бу 1980, American manufacturers were 
ahead by almost thirty percent—controlling 
almost sixty percent of the market share. In 
1980, Japanese suppliers provided only 
thirty percent of world sales. Kulicke & 
Soffa lead this drive with its invention of 
the digitally controlled wire bonding head. 
Meanwhile, European suppliers began to 
enter strongly with a new generation of die 
bonders. Nevertheless, by 1981, market 
share had begun to shift back in favor of 
the Japanese. Automated packaging equip- 
ment and dicing saws drove this trend. In 
. addition, Japanese semiconductor compan- 
ies continued to invest heavily in automated 
assembly during the downturn. American 
semiconductor companies did not. Hence, 
Japanese equipment companies gained worl- 
dwide market share. 


In 1981, United States assembly equipment 
companies began to increase their world- 
wide market share once again. Once busi- 
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ness turned, American semiconductor com- 
panies began to invest heavily in new as- 
sembly capacity. This offset the market 
share gains of the Asian equipment com- 
panies ш 1981. The 1985 recessionary 
period favored both North American and 
European companies. Japanese semicon- 
ductor companies cut back heavily on equip- 
ment expenditures. This lowered the world- 
wide share of Japanese equipment com- 
panies. In 1986, the recession began to take 
its toll on North American and European 
assembly suppliers. Market share that had 
been won from Asian suppliers in the previ- 
ous year was quickly eroded. Asian manu- 
facturers actually captured an additional 
6.6% over that lost in 1985. However, by 
1988 Shinkawa had once again pushed 
ahead of Kulicke & Soffa, causing the 
Japanese to regain the top market share 
position. Figure 5.1.4-2 shows historical 
demographic market share. 


TABLE 5.1.4-2 


OVERALL ASSEMBLY EQUIPMENT MARKET SHARE 


Europe 
1196 


Europe 
12% 
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5 1 9 Assembly Equipment Database 


Section 5.1.9 provides a listing of competitors in the assembly equipment market. 
Current competitive data for these competitors is provided in each of the following 
sections: 


5.3.9 Dicing Equipment 
5.4.9 Bonding & Inspection Equipment 
5.5.9 Packaging Equipment 


The most recent projections for each market are given in Section 1.9.5 of Volume 1. 
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TABLE 5.1.9-1 


MAJOR SUPPLIERS OF ASSEMBLY EQUIPMENT 


Page 1 of 3 
3-5 Phoenix 
Adcotech 
Advanced Semiconductor Mat'ls (ASM) 
Alteq 


Alphasem 


Amedyne 
American Tech Manufacturing (ATM) 
Applied Imaging 

ARBO 
Aremco 


Associated General Labs 
Atumaku Giken 
Automated Laser Systems 
B. Grauet 
Benchmark 


BTU International 
C.A. Lawton 
Cone-Blanchard 
Chuo Riken 
Dai-Ichi Seiko 


Daichi Seiki 
Dainippon Screen 
Delvotech 

Dicing Technology 
Die Hard Engineering 


DIAS Automation 
Disco Abrasive Systems 
Dr. Tresky Engineering 
Dusan 
Dynablast 


Eastern Marking Machine 
Electrobert 

Elmont International 
Emhart 

ESC 


ESEC 
Ewald 

Excellon Micronetics 
Farco 

Fancort Industries 


Finmac 
Fuji Advanced 
Fuji Seiki 
Fujiwa 

General Signal 


Gluco 
агі 
Heller Industries 
Hepco 

Himi 
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Hitachi 

Hollis Engineering 
HTC 

Hughes 

Hull 


Hybond 

Idea 

Ideya 

ІМІ 

Integrated Circuit Automation 


J.D. Sprout 

Jade 

Kaijyo Denki 

Karl Suss 

Keller Technology 


Kohtaki 

Koyo Lindberg 
Kras 

Kulicke and Soffa 
Lapmaster 


Lauffer 

Laurier 

Loadpoint 
Loomis Industries 
Lumonics 


Markem 

Mechanization Assoc. 
Месћ-Е! 

Mesa Technology 

Micro Bond Technologies 


Minitron 

МТ! Corporation 
NEC 

New Dynamics 
Nihon Avionix 


Nihon Dennetsu Keiki 
Okamota 

Orthodyne 

Pasadena Hydraulics 
Penn Research 


Pennwalt 

Polaris Electronics 
PolyMold 
Probe-Rite 
Quantrad 


Radiant Technology 

Research Instruments 

Sakai Mfg. 

Scientific Sealers 
Semiconducotr Equipment Corp. 
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Semprex 
Shibuya 
Shinkawa 
SLEE 
Speedfam 
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Packaging 


Bonding 


Solid State Equipment 
South Bend Lathe 

А. Howard Strasbaugh, Inc. 
Superwave : 
Systemation Engineered Products 


Tamura Seisakusho 
Taylor Winfield 
Tekara 

Teledyne TAC 
Terra-Universal 


Texas Instruments 
TESEC 

Thompson General 
Tokyo Seimetsu 
Tokyo Sokuhan 


Tool and Die Masters 

Toshiba Seiki 

Towa 

Tru-Mark International 
Ultrasonic Engineering 


Unitra 

Universal 

U.S. Laser Corp. 

View Engineering 
Viking Semiconductor 


W.T. LaRose 
Wakatsuki 
Watkins-Johnson 
Wheelabrator 
West Bond 


Yamada 
Zftm 
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